The cytotoxic synapse formed between cytotoxic T lymphocytes or natural killer cells expressing CD95L and target cells with CD95 on their surface is a key pathway for apoptosis induction by the immune system. Despite similarities with the immune synapse in antigen presenting cells, little is known about the role of the spatiotemporal organization of agonistic proteins/ receptor interactions for CD95 signaling. Here, we have developed an artificial cytotoxic synapse to examine how mobility and geometry of an anti-CD95 agonistic antibody affect receptor aggregation and mobility, ie the first step of receptor activation. By measuring the distribution, diffusion coefficient, and fraction of immobile CD95 receptor in living cells, we show that at short times, the initial activation of CD95 occurs locally and is limited to the contact region of the cytotoxic synapse. This anisotropic activation of apoptotic signaling supports a role for confined interactions on the efficiency of signal transduction that may have implications for biomedical applications of extrinsic apoptosis induction.
Introduction
CD95 mediated apoptosis is one of the most important programmed cell death pathways in embryogenesis, in the physiological control of cell proliferation and in immune system function during both physiological and pathological situations [1, 2] . Imbalanced regulation of apoptotic cell death has been implicated in several human diseases, including AIDS, infection, and cancer [3] [4] [5] [6] [7] [8] . The induction of cell death in target cells is of biomedical interest since many tumor cells express the CD95L to kill immune cells, and apoptotic effector proteins show promising results as therapeutic targets against certain forms of cancer [9] [10] [11] .
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Apoptosis can be initiated by cytotoxic T lymphocyte or natural killer (NK) cells trough two modes: Ca 2+ -dependent killing by perforin and granzymes, and Ca 2+ -independent killing mediated by CD95L binding to CD95 on target cell [9, 12] . In a juxtacrine interaction, receptor-ligand association requires that the surfaces of the interacting cells come into direct contact in order to trigger intracellular signaling [13, 14] . For CD95, a synapse called cytotoxic synapse has been described between a cytotoxic T lymphocyte or NK cell expressing CD95L with target cells expressing the receptor [9, 15, 16] .
The signal transduction pathway of extrinsic apoptosis upon ligation of CD95 initiates with oligomerization/aggregation of the receptor in distinct domains of the cell membrane [17] [18] [19] [20] . The lateral enrichment of the receptor results in trans-activation of receptorassociating signaling molecules such as the adaptor molecule Fas-associated death domain (FADD) protein and procaspase-8, which bind to the cytoplasmic portion of CD95 to form the death inducing signaling complex (DISC) [17, [21] [22] [23] . Receptor clustering and efficient DISC assembly provides a molecular scaffold concentrating procaspase-8 to induce autoproteolytic cleavage and activation, which initiates the caspases cascade leading to the dismantling of the cellular components and to cell death [12, 24] . The ligand-induced receptor clustering facilitates the transduction of signals inside the cell [25] .
The spatial distribution of proteins in biological membranes is very dynamic [26] [27] [28] . In the case of the immunological synapse between a T lymphocyte and an antigen presenting cell, spatial organization has a determining role in the regulation of signaling by modulating receptor and membrane dynamics and longterm activation [29, 30] . Different stages of signaling involve a distinct distribution of the components on the synapse [31, 32] .
Given the importance of spatiotemporal dynamics, there is currently much interest in studying signaling synapses in controllable, ex vivo models. Microscale fabrication techniques can be used to replace one of the cells in the synapse with a controllable artificial counterpart to understand how the target cell responds to specific aspects of the extracellular environment [33] . A large variety of immobilized ligand-containing surfaces have been generated [34, 35] . In order to allow for membrane-associated proteins to exhibit long-range mobility, it is important to use a system such as supported lipid bilayers (SLB) [36] [37] [38] [39] [40] , in which the components can diffuse laterally. These studies have been able to demonstrate that the cellular response is closely related to the ligand mobility [41] [42] [43] . For example, we have previously shown that the diffusion coefficient (D) of a membrane-bound CD95 agonistic antibody determines the extent of apoptosis in HEK cells [44] . In the referenced work, we noticed that, after 6 h of incubation of the cells with the membrane bound anti-CD95, a CD95-EGFP construct aggregated in domains of different size in the whole plasma membrane of the cell, as opposed to being aggregated only at the site of contact with the activating membrane. This led us to the question of how does the clustering signal get from one part of the membrane (the part forming the synapse) to the rest of the cell's membrane.
Interestingly, membrane CD95L, soluble CD95L, and anti-CD95 antibodies do not use the same mechanisms to activate CD95. Notably, the formation of CD95 clusters has been reported to have different kinetics in each of these cases [17, 19, [45] [46] [47] . In one case, the formation of very stable (up to 24 h) CD95L-CD95 clusters producing a strongly diminished mobility of CD95 was described [16] .
Being CD95 signaling kinetics so complex, it is highly desirable to produce a system in which the possible sources of uncertainty are diminished, and to obtain quantitative data as reliable as possible, so that results from one group can be safely compared with results obtained in a different laboratory.
With this background in mind, we set out to develop a system that would give us a further understanding of juxtacrine signaling in the context of the cytotoxic synapse by focusing on the role that the inherent anisotropy of the process may have on the dynamics of CD95 in the target cell. Our goal was to mimic the cytotoxic synapse while minimizing the amount of variables out of control, thus producing a sample as homogeneous as possible in regard to amount and diffusion coefficient of the stimulating protein, synapse size, shape and 'age'.
We simulated a cytotoxic synapse by exposing HEK cells to functionalized surfaces that offer an agonistic antibody to CD95 in micrometer-sized patterns of lipid bilayers, so that both the mobility and the geometry of the stimulus were controlled. We explored the effect of these small patches of agonistic molecules on receptor activation by measuring receptor distribution, diffusion coefficient, and the amount of immobilized CD95 in the plasma membrane. Using z-scan [48, 49] and twofocus scanning [50] [51] [52] fluorescence correlation spectroscopy (FCS) we determined the absolute values of receptor diffusion coefficients. We show that, at short times, the clustering and immobilization of CD95 is locally limited to the contact region between the cell and the artificial membrane that simulates the T lymphocyte plasma membrane, reproducing the geometry of the supported membrane, while no changes can be detected at distal parts of the cell. These results are informed in the form of diffusion coefficient values that can be compared with results obtained in any other laboratory.
Results
CD95 aggregates only at the place of contact with the micrometer-sized patterns of lipid bilayers
In order to simulate a cytotoxic synapse, we added HEK cells transfected with CD95-EGFP to micrometer-sized patterns of SLBs. Our CD95-EGFP construct is capable of inducing apoptosis, as shown in Fig. 1 . We overexpressed the receptor in a CRISPR/Cas9 generated CD95 ko glioblastoma cell line (T98G) and induced its activation with an agonist antibody. Confocal microscopy imaging shows that overexpressed and inactive CD95-EGFP localizes homogeneously to the plasma membrane of the human glioblastoma cells (Fig. 1A ). Upon stimulation with agonistic anti-CD95 (Human) mAb, CD95 formed clusters (foci) at the plasma membrane (Fig. 1B) . We tested the proapoptotic activity of the clustered CD95 by measuring Caspase 3/7 activity. As expected, the stimulated receptor is able to activate the downstream caspase cascade to the effector caspases 3 and 7 (Fig. 1C) .
We used patterns of different geometries and sizes, including circular patterns (radius = 2-5 lm) or lines (2-6 lm long, 1-2 lm width). The supported bilayers used were composed of dioleoylphosphatidylcholine (DOPC) : cholesterol (CHOL) [75 : 25 mole : mole; DOPC : Chol (75 : 25)], containing 2% (mol) phosphatidylserine (PS), 0.25% (mol) biotinylated phosphatidylethanolamine (PE-B) and 0.1% (mol) of a lipidic fluorescent probe [ 
We chose this composition because the diffusion coefficient of our membrane-bound proteins in these bilayers [53] is close to physiological values for transmembrane proteins [44, 54, 55] . The agonistic antibody anti-CD95 was incorporated via a biotin-streptavidin-biotin bridge at a concentration of~3300 moleculesÁlm À2 , as described in Experimental procedures [44] . To achieve reproducible anti-CD95 surface densities, we added both streptavidin and antibody under saturating conditions followed by extensive washing. The concentration of PE-B in the SLBs is limiting and the amount of streptavidin scaled well with the amount of introduced PE-B in the lipid mixture [44] . The use of streptavidin to attach the anti-CD95 biotiniylated antibody to the supported membranes did not induce a change in the aggregation state of the streptavidin as judged from the diffusion coefficients measured (see Table 1 ) and the counts/particle of the diffusing entities measured by FCS (not shown). Two hours after the addition of the cells onto the modified surfaces, we observed changes in CD95 distribution in the membrane ( Fig. 2A) , which became enriched (higher fluorescence intensity) in regions that coincided with the patterned SLBs both in place, size, and geometry (Fig. 2B) . We did not observe this effect in cells plated onto control patterned SLBs without anti-CD95. Also, when anti-CD95 was added to the cell culture medium of cells plated onto fibronectinmodified coverslips, we observed the expected formation of CD95 aggregates in random places of the plasma membrane (Fig. 2C) . In this case, we observed the formation of large clusters of CD95 and blebbing, typical of the apoptotic process [12, 24] . These results indicate that the patterns of lipid bilayers containing anti-CD95 were capable of inducing a local response characteristic of the initial moments of the apoptotic signaling process: the aggregation of the receptor in the plasma membrane.
CD95 mobility decreases at the contact site with patterned lipid bilayer but not at distal positions of the plasma membrane
Mobility of CD95 receptor measured by FCS
In order to explore the relevance of mobility and spatial distribution of anti-CD95 in CD95 response, we determined the diffusion coefficient of CD95-EGFP under different conditions of antibody exposure. It is known that mobility of the receptor is related to its activation and the binding of the ligand induces clustering formation [19, 56] . CD95 clustering and oligomerization are essential for its function [17, 18] . Moreover, the local conversion of sphingomyelin to ceramide at the site of CD95 activation has been described [20, 22] . Ceramides promote an increased lipid packing and a decrease in membrane fluidity [57, 58] . Furthermore, they enhance CD95 oligomerization and caspase-8 activation [59] . Thus, CD95 activation can be detected by a decrease in mobility compared to control conditions.
We transfected HEK cells with CD95-EGFP and then plated them onto fibronectin-modified coverslips (anti-CD95 added to the cell culture medium, isotropic stimulus) or onto coverslips modified with circular patterns of lipid bilayer (2-5 lm of diameter) containing the anti-CD95 antibody (anisotropic stimulus). Cells were incubated for 2 h at 37°C. Subsequently, we measured the diffusion coefficient of CD95-EGFP using two fluorescence correlation techniques that are able to inform absolute diffusion coefficient values, namely z-scan FCS (z-scanFCS) and 2-focus scanning FCS (2fSFCS). Both 2fSFCS and z-scan FCS avoid the need of an external calibration. They are also particularly useful for measurements in living cell membranes, since they can overcome the inevitable movement of the cell 0 s membrane and of the sample as a whole. In 2fSFCS as the foci are scanned across the membrane plane, and the data can be aligned so that membrane movements are corrected. z-scan FCS measures autocorrelation functions at different positions along the optical axis. This overcomes the need for positioning of the detection volume with nanometer precision in the optical axis [49] .
Z-scan FCS was used to determine the diffusion in the plane of the plasma membrane in contact with the anti-CD95-containing SLBs pattern. 2fSFCS was used to measure diffusion in a distal region where the cell membrane is perpendicular to the detection volume. Figure 3A shows a scheme of the FCS acquisition protocols at the cell bottom (z-scan FCS) and a distal site As observed in Fig. 3D , for the situation where anti-CD95 is added to the cell culture medium, we observed a significant decrease in diffusion coefficient of CD95 both at the bottom and at the side of the cell in comparison to control cells without antibody. Under these isotropic conditions, no significant differences were observed in CD95 diffusion between the bottom and side planes (D = 0.18 AE 0.04 and 0.16 AE 0.03 lm 2 Ás À1 respectively).
In contrast, the diffusion of CD95 in cells in contact with patterns of SLBs containing anti-CD95 was significantly slower on the bottom plane (at the site of contact with the SLBs; D = 0.10 AE 0.02 lm ; far away from the stimulation zone; Fig. 3D ). These results demonstrate that when the cells were contacted with a stimulating membrane, a reduction in receptor mobility occurred only at the area of contact with the agonistic antibody-containing membrane, at least during the first 2 h of interaction.
Mobility of CD95 receptor measured by FRAP
In order to confirm the above results by a different technique and to obtain complementary information, we used fluorescence recovery after photobleaching (FRAP) in the membrane of cells transfected with CD95-EGFP. We used the same experimental design described in the previous section. HEK cells were transfected with the CD95-EGFP plasmid and plated onto fibronectin-modified coverslips or onto coverslips modified with circular patterns of lipid bilayer (2-5 lm of diameter) containing anti-CD95 antibody. We then incubated it for 2 h at 37°C. A region of 5-7 lm in diameter was photobleached and then 1000 consecutive images were taken at 0.1 imagesÁs À1 to observe fluorescence recovery. In addition, we acquired parallel measurements in a different region of the cell as a reference for bleaching due to imaging and in a part of the glass that was clear of cells as a background. We analyzed the data as described in Experimental procedures. Figure 4A shows schematically the experiment performed and the positions chosen for the measurements in the cell membranes. A significant decrease in the diffusion coefficient in the area of contact with the agonist antibody in comparison to the upper plane was observed when the cells were exposed to the antibody, we also observed a significant decrease in CD95 diffusion coefficient with respect to control cells, but this effect took place both in the bottom and in the upper plane of the cells. We found a significant difference between the control cases of cells plated onto fibronectin-modified coverslips and cells plated onto patterns of SLBs, as measured by FRAP. The diffusion coefficient of the receptor was 25% smaller in the latter case (Fig. 4B) . It is important to note that the FRAP results were in good agreement with the results obtained by FCS. Both techniques showed that changes in receptor diffusion occurred locally in the area of contact with the agonistic antibody and not in distal sites of the cell after relatively short periods of incubation.
The immobile fraction of the receptor is increased only at the places of contact with the ligand
There is a strong evidence for the role of receptor clustering and super-aggregation in CD95-mediated apoptosis signaling [56, 60, 61] . These and other studies support the notion that the assembly of molecules in clusters/caps is specific for agonist-receptor binding and appears critical for delivery of the signal. The change in receptor mobility could be associated with an increase in CD95 protein-protein interactions. In order to indirectly measure the amount of CD95 clustering/immobilization, we calculated the immobile fraction from the FRAP recovery curves acquired for the bottom and upper plane of cells plated onto fibronectin-modified coverslips or onto circular patterns of lipid bilayer containing anti-CD95. It is important to note that immobile CD95-EGFP molecules cannot be detected by FCS measurements. Figure 5 shows that there was a significant increase in the immobile fraction of CD95 in cells stimulated with soluble anti-CD95 in contrast with control cells without treatment, as a consequence of receptor clustering upon stimulation. As expected, the extent of immobilization was comparable between the bottom and upper part of the cells. In contrast, when the cells were stimulated by contact with the patterned ligand, the increase in the immobile fraction of the receptor took place only in the part of the cells in contact with the bilayer, in agreement with the localized activation also detected by FCS and FRAP.
The total immobile fraction (mean) in cells over patterns of SLBs was significantly lower than the one obtained with soluble antibody. These results would indicate that there were less total receptor aggregates in the case of cells plated onto patterns of SLBs where the stimulus was confined in comparison with the case where all the membrane was in contact with the agonistic antibody. We calculated the total amount of antibody in contact with the cells in each situation. We performed a simple calculation based on the number of particles obtained by z-scan FCS in nonstimulated control cells. The number of particles in the focal volume gives an estimation of the amount of receptors per lm 2 . Considering the area of the cell (calculated from tridimensional images of HEK cells), we calculated the total amount of receptor in the cell membrane. We assumed that all the receptor was bound to antibody in the case of isotropic stimulation. Then, also with the number of particles obtained from FCS, we calculated the amount of anti-CD95 in the case where the stimulus is confined to circular patterns of SLBs of 2-4 lm. We obtained 4 9 10 5 particles of antibody that would be in contact with 4 9 10 5 particles of CD95 in the case of isotropic stimulation, in comparison to 1 9 10 4 particles of antibody in contact with 1 9 10 4 CD95 molecules in the case of anisotropic stimulation. These results may explain why we were able to see differences in the immobile receptor fraction between the bottom and the top of the cells when we simulated a cytotoxic synapse in comparison to the isotropic stimulation case.
Discussion
We have shown before that the diffusion coefficient of a membrane-bound agonistic antibody can modulate the extension of CD95-induced apoptosis in a population of HEK cells in contact with extensive SLBs that contacted the whole of the bottom of the cells [44] .
Using cocultures, Henkler et al. [16] observed the formation of CD95L-CD95 clusters that were very stable in time (up to 24 h) and strongly diminished the mobility of CD95 in the killing synapse. However, there is a lack of information in this work on the 'age' of the synapse formed at the times at which the kinetic measurements were made. Also, they could not control the size/form of the synapse, which varied greatly from case to case. This produces an uncertainty in the amount of protein involved and the size/geometry of the cell to cell contact surface that could in turn radically change the kinetics of the signaling.
Here, we have simulated a cytotoxic synapse in a more controlled way, in particular:
The size and shape of the stimulating membrane patches were homogeneous and similar to those present in a lymphocyte-target cell synapse. The mobility and amount of anti-CD95 antibody was controlled. The time of interaction between the cells and the modified supported bilayers was the same in all cases and set to be as short a possible while at the same time allowing for most cells to be properly attached to the surface and already forming a visible synapse.
Under these conditions, we show that cells respond to the stimulus by generating receptor aggregates that have the same shape, size and location as the membrane pattern decorated with anti-CD95. This occurs only in the contact region with the SLB, producing an anisotropic response to an anisotropic stimulus. A circular pattern of 2 lm was enough to trigger aggregation of CD95 in the cell membrane.
We obtained values for CD95 diffusion coefficient that were comparable with values found in the literature for other membrane receptors [62] [63] [64] [65] [66] . The values for the diffusion coefficient of CD95 obtained by FCS and FRAP were within the same order of magnitude and the results obtained with both techniques showed the same tendency; namely a decrease in CD95 diffusion when the cells were in contact with the agonistic antibody.
The absolute diffusion coefficient values obtained by FRAP and FCS are not directly comparable, fundamentally because of the different sampling areas. FRAP measures the recovery of the fluorescence after photobleaching in a micrometric area in which the recovery usually takes more than 1 min, depending on the fluorophore [67] . In contrast, in FCS the fluctuation in fluorescence intensity is measured when the molecules diffuse in and out of a small focal volume (~1 fl) [68] . For this reason, discrepancies in D values are generally found between FRAP and FCS, particularly in membrane measurements, where structural barriers exist -such as other transmembrane proteins, the cytoskeleton, or transient lipid domains-which can affect the diffusion of molecules on different spatial and time scales [69] .
In the case of the interaction with modified surfaces, the decrease in D occurs only in the area of contact with the pattern of lipid bilayer and not in a distal area of the plasma membrane. We interpret this as an indication of local CD95 activation that would explain the reduction in D of the receptor, since activation entails a strong increase in protein-protein interactions and local changes in membrane composition and fluidity [20, 22, 59] . Our results suggest a localized response in the area of anti-CD95-receptor contact at relatively short stimulation times (2 h). The fact that we obtained concordant results with two different techniques strongly supports our results.
The decrease in the diffusion coefficient may be due to several factors: formation of receptor aggregates, DISC formation and binding of caspases and a local increase in ceramides content in the membrane by activation of acid sphingomyelinase. On the other hand, the fact that changes in D occur only in the area of interaction with the ligand after 2 h is surprising, since the initial molecular events in the signaling cascade of membrane receptors usually occur within minutes. In the case of CD95 the results suggest that the initial response is localized. This would indicate that in a cell in which only a part of the membrane has been in contact with the ligand, the signaling does not spread to the whole plasma membrane, at least during the first 2 h.
Interestingly, we have reported before that CD95 aggregation in these same cells, in contact with SLBs only at the bottom of the cell, can occur in the whole plasma membrane [44] . In that case, however, the cells had a bigger surface area in contact with the anti-CD95-containing SLBs (the whole of the bottom of the cell). Also the incubation times were longer (6 h) and the amount of CD95 was larger (it was strongly overexpressed). The amount of anti-CD95 per lm 2 was the same as in this work. Thus, here we have found a condition, more similar to the initial steps of the physiological situation, in which the CD95 response is localized.
These observations are partly in contradiction to results reported by Henkler et al. [16] , since they find CD95 clustering only at the place of the synapse even after 24 h. This discrepancy may be due to the fact that we used, both in Sanchez et al. [44] and in this work, an agonistic anti-CD95, while they used a fluorescent CD95L. Also the amount of protein involved is probably very different. In our case we used a low density of anti-CD95 (~3300 moleculesÁlm À2 , only 0.25 mole% of biotinilated PE in the supported membranes), while Henkler et al. used strongly overexpressed amounts both of CD95L and CD95. The cell lines used were also different.
We found a significant difference between the control cases of cells plated onto fibronectin-modified coverslips and cells plated onto patterns of SLBs, as measured by FRAP (Fig. 4B) . The diffusion coefficient of the receptor was 25% smaller in the latter case. This could be due to an undesirable effect of the high laser powers used to perform FRAP, that may produce lipid or protein oxidation by formation of reactive oxygen species and the subsequent activation of CD95 in basal (control) conditions. The contact with the SLBs without antibody did not produce a change in D as measured by FCS (Fig. 2) .
Finally, the measurements of the immobile fraction show that the total immobile amount of receptor is smaller in the case of stimulation via a cytotoxic synapse, where the stimulus is confined, compared with the isotropic stimulation. This is probably because the total amount of anti-CD95 in contact with the cell is smaller in the former than in the latter case and may explain why we can see a difference between the bottom and the top of the cell in the anisotropic case. In our cytotoxic synapse, not only the geometry of the stimulus and of the downstream cascades is different, but also the kinetics is slower. Neither of the observed phenomena occur at places in the cell that are distant from the activation site, suggesting that, at short times after CD95 activation, the first steps of the apoptotic cascade occur only in the neighborhood of the cytotoxic synapse. This implies that the intracellular geometry, and probably the kinetics, of the spreading of the extrinsic apoptotic cascades initiated by the cytotoxic T lymphocyte are radically different from those produced by soluble and/or isotropic stimuli.
Under physiological conditions, the cytotoxic synapse formation would provide for a robust means to regulate the kinetics of the stimulation, as compared to the ligation of the receptor by a free form of agonistic protein. Also, while the induction of apoptosis may be faster with free ligand, the use of a synapse would allow a better control of cell death, as additional recognition events localize the ligand stimulation and make it specific for the target cell.
Experimental procedures
Production of CD95 ko T98G cells Experiments with CRISPR-Cas9 were performed with the Cas9 plasmid (pD1301-AD) from DNA2.0 (Newark, NJ, USA). The Cas9 plasmid contained the gRNA targeting the human CD95 gene. The gRNA was also confirmed by using another CRISPR design tool [70] Apoptosis activity assay 
Confocal imaging
CD95 ko T98G cells were seeded in a ibidi l-Slide eight well chamber (ibidi GmbH, Planegg, Germany) in DMEM medium, grown for 24 h, transfected with CD95-EGFP and incubated for 12 h. They were then incubated with or without 1 lgÁmL À1 anti-CD95 (Human) mAb for 24 h.
Confocal imaging was performed in a laser scanning confocal microscope LSM 710 (Carl Zeiss AG, Oberkochen, Germany) using a C-Apochromat 409 NA 1.2 water-immersion objective. CD95-EGFP and DiI-C16 were excited using the 488 nm line of an Ar laser and the 561 nm line of a HeNe laser, respectively. Emission filters used were 493-550 nm for CD95-EGFP and 570-610 nm for DiI-C16.
Microcontact printing (lCP) and generation of supported lipid bilayers (SLBs)
Masters for microcontact printing (lCP) were fabricated by one-photon lithography [71] . Briefly, a drop of the UV-cure adhesive NOA86 (UV-curing adhesives, Norland Products, Cranbury, NY, USA) was placed on top of a microscope slide. Then the adhesive was spread on the glass surface to form a thin film. The masters for lCP were produced by polymerization of the UV-cure adhesive at specific sites. This was achieved with a lithographer (TOLKET SRL, Buenos Aires, Argentina) using a 405 nm diode laser (200 lW) focused with a 109 NA 0.4 microscope objective. The laser illuminated each area during 1-3 s. The coverglass was then rinsed with acetone and isopropyl alcohol to remove residual adhesive. Poly(dimethylsiloxane) stamps were obtained by pouring Sylgard 184 prepolymer (Dow Corning, Midland, MI, USA) with cross-linker in a 10 : 1 ratio over the master, followed by degassing in vacuum, and curing for 4 h at 60°C. Then, the elastomer was peeled off the master glass coverslip. The elastomer stamp was inked with (1 mgÁmL À1 ) fibronectin (Roche Applied Science, Mannheim, Germany), dried with a nitrogen flux and pressed against a clean coverslip for 10 min to transfer the protein onto the glass. Finally, a home-made chamber was glued onto the coverslip to allow for the incubation with sonicated vesicles [72] . Supported lipid bilayers were prepared as described before [73] . Briefly, DOPC and CHOL (Avanti Polar Lipids, Alabaster, AL, USA) were dissolved in chloroform : methanol 2 : 1 at a proportion DOPC : Chol 75 : 25 mol : mol. This mixture was supplemented with (0.25 mol%) of 1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine-N-(biotinyl; PE-B), (2 mol%) of PS and the fluorescent lipid analogue DiI-C16 (Molecular Probes, Eugene, OR, USA) when specifically stated. The concentration of fluorescent lipid was (0.1 mol%). Lipids were sequentially dried under a nitrogen flux and under vacuum for 3 h and rehydrated to a final concentration of 1 mM in PBS. Then, lipid samples were resuspended by vortexing and sonicated to obtain small unilamellar vesicles which were further supplemented with (0.01 M) CaCl 2 . The lipid suspension was applied onto the coverslip modified by microcontact printing, incubated for 30 s and extensively rinsed with PBS.
Binding of proteins to SLBs
Coverslips modified with SLBs were incubated for 30 min with (1 lgÁmL 
Fluorescence correlation spectroscopy (FCS)
Fluorescence correlation spectroscopy experiments were performed using a LSM710 confocal microscope equipped with a Confocor3 for FCS measurements, a C-Apochromat 409 NA. 1.2 water immersion objective and an Argon laser (Ar; Carl Zeiss AG).
Z-scan fluorescence correlation spectroscopy (z-scan FCS)
The laser power was set to 0.2% (50 lWÁlm À2 ) for 488 nm Ar laser line. Data were collected at a frequency of 166 000 Hz during 8 s and 5-8 measures were taken at different position along the optical axis (z axis) with a stepsize of 100 nm. The normalized autocorrelation function was calculated as:
where I(t) is the fluorescence intensity and s is the lag time.
The diffusion coefficients (D) of both lipids and membrane-bound proteins were determined by the z-scan method [49, 74] . Briefly, we fitted the experimental autocorrelation data measured at each z i position with the following expression [75] :
where s Di and N i represent the diffusion time and mean number of fluorescent molecules in the detection volume measured at z i , respectively. The diffusion coefficient was obtained by fitting the experimental data with the following expressions [49] :
where k is the wavelength of the excitation light, DZ = z i -z 0 , z 0 is the membrane initial position, x 0 is the beam waist at the focus and N 0 is the mean number of fluorescent molecules when DZ = 0. D values reported in this work are the mean AE standard error obtained from at least 20 independent measurements.
Scanning fluorescence correlation spectroscopy (SFCS)
In this technique, the detection volume moves through the membrane perpendicular to it at high scanning rates [52, 76] . With this orientation, the focal volume passes through the membrane at only specific points in the scanning path. This reduces the residence time of fluorophores in the detection volume, thus reducing photobleaching effects. The arrival times of the emitted photons can be recorded and grouped according to the scan rate of a laser scanning microscope in a process called binning.
The intensity trace obtained from these measurements can then be autocorrelated and described using twodimensional diffusion of one component in a Gaussian elliptical detection volume:
where S is the structure parameter. S = x z /x 0 , where x 0 is the waist radius and x z is the axial (z-axis) extension of the detection volume. This can be obtained through a calibration experiment of a well-characterized fluorescent dye. This technique can be easily extended to two-focus scanning FCS (2fSFCS) which has the advantage of generating calibration-free diffusion measurements. By alternately scanning along two lines at a distance d parallel to each other through the membrane, two effective foci in the membrane with a displacement d along the y-direction can be realized.
The cross-correlation of the intensity traces corresponding to the two intersections is described by the following correlation function:
Once d is known, D and x 0 can be determined directly by fitting the data to Eqn (5) without any additional calibration measurement [77] .
In our setup, the laser power was set to 0.2% (50 lWÁlm
À2
) for 488 nm Ar laser line. Data were collected at a frequency of 66 000 Hz during 500 s and the sampling frequency of the two lines was 529 Hz. The distance between the two focus was 0.6 lm.
D values reported in this work are the mean AE standard error obtained from at least 20 independent measurements.
Fluorescence recovery after photobleaching (FRAP)
Fluorescence recovery after photobleaching measurements [26] were carried out in a laser scanning confocal microscope LSM 710 (Carl Zeiss AG) using a C-Apochromat 9 409 NA 1.2 water-immersion objective. A circular region (radius = 5-7 lm) was photobleached by repetitively scanning the 488 nm line of an Ar laser at high power (100%, 25 000 lWÁlm À2 ) for 30 s. The laser power was then decreased (to 1%, 250 lWÁlm À2 ) and fluorescence recovery was followed by repetitively imaging a region of interest containing the photobleached region at 0.1 framesÁs
À1
. The intensity at the bleached region was corrected for photobleaching during imaging and used to construct the recovery curve as described previously [67, 78] . The following, empirical equation was fitted to the recovery curve:
where I t is the intensity at each time, t represents time after photobleaching. The mobile fraction (M f ) was calculated as:
where F i is the intensity prior to the photobleaching step, F 0 the fluorescence intensity immediately after photobleaching and F ∞ is the intensity at the end of the FRAP experiment. The immobile fraction (I f ) was calculated as I f = 1 À M f . I f values reported in this work are the mean AE standard error obtained from 20 independent measurements.
Finally, D was calculated as:
where r 0 is the radius of the excitation spot, t 1/2 is the halflife, and c is the bleaching parameter, resulting from the ratio between the nominal radius of the bleach spot defined by the user (r n ) and the effective bleach radius from the postbleach profile (r e ). The values reported for the CD95 receptor diffusion coefficient are expressed as mean AE standard error for 40 independent measures for each condition.
Cells interaction with SLBs
Subconfluent 293 HEK cells were transiently transfected with CD95-EGFP plasmid (gently provided by Petra Schwille, Max Planck Institute of Biochemistry, Martinsried, Germany). After 24 h, cells were trypsinized, pelleted by centrifugation, resuspended in fresh medium and placed onto patterned bilayers or fibronectin-modified coverslips. Cells were incubated at 37°C, (5%) CO 2 for 2 h, and analyzed in the confocal microscope immediately.
